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Abstract 
A field of transparent solar thermal façade collectors (TSTC) was installed in a pilot building in Ljubljana, Slovenia. This paper 
presents the first measurement results from the installation. During the heating season, the transparent façade collectors 
contribute to the heating of the pilot building, while they provide heat to an adsorption chiller during the cooling season. Despite 
the different loads and surrounding conditions, the monthly solar gains of both seasons are similar. The heat flux between the 
collector and the interior as well as the temperatures seem comparable to a conventional solar control façade. 
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1. Introduction 
Building-integrated solar thermal systems (BIST) can provide solar heat with little extra cost compared to 
conventional building components. Within the European research project “Cost-Effective”, a transparent collector 
design was developed which consists basically of an absorber with angle-selective openings included in a triple 
glazing unit as illustrated by Fig. 1 (a) [1].  
The collectors were installed in a pilot building in Ljubljana, Slovenia, as presented by Fig. 1 (b). Before the 
collector installation, the system design and the measurement concept were described in [1]. This paper presents the 
first measurement results after the installation and commissioning in summer 2012.  
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First, the measurement of a typical sunny winter and a typical sunny summer day are discussed. Then the 
monthly solar gains are presented, followed by the collector temperatures during the hottest days of the monitoring 
timespan.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Schematic drawing of a transparent solar thermal collector. (b) Photo of the transparent collectors in the pilot building. © ZAG 
2. Measurement results and discussion 
The measurement values from the different sensors were saved in time steps between 1 and 5 minutes. The sensor 
values for an equally spaced time axis with a time step of 5 minutes were calculated by linear interpolation and are 
presented in this paper.   
The pump for the primary mass flow in the TSTC is scheduled to operate daily from 9 a.m. until 4 p.m.. This 
causes the fluid to circulate inside the collector field. A secondary mass flow thermally connects the primary mass 
flow with the water storage tank if the temperature difference between the outlet temperature of the fluid in the 
primary circuit and the inlet fluid temperature of the secondary circuit is large enough. 
When there is not enough solar heat in winter, the storage tank is kept at a temperature around 36 °C by district 
heating, in order to heat the building via a thermally activated building system (TABS).  
In summer, the storage tank provides water with temperatures around 70 °C to an adsorption chiller. 
Not only the transparent collectors but also two additional collector fields provide heat to the storage tank. 
Therefore the storage temperature varies and the collector fields compete in heating the storage tank. Nevertheless, 
the tank can be heated from various sources at the same time. 
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2.1. Typical sunny winter day  (19.12.2012) 
As a typical sunny winter day, 19.12.2012 was chosen. Fig. 2 presents the irradiance profiles and the collector 
gain for this day. The irradiance on the horizontal surface (i.e. the roof of the building) is much lower than the 
irradiance on the vertical surface (i.e. the façade), due to the position of the sun. As the radiation is incident on the 
façade with smaller angles of incidence on average during winter than in summer, the collector can have a high gain, 
although the exposure time is rather short, with less than 7 hours of sunlight during the day.  
Fig. 2 also shows that the collector has a useful gain during three and a half hours. This useful gain peaks at 547 
W/m², which is 64% of the highest irradiance value for the day (860 W/m²). The energy transferred to the storage 
tank during such a day is 608 Wh/m², which is 19 % of the radiation energy received by the collector.  
 
 
Fig. 2. Useful collector gain per square meter, global and diffuse irradiance on the horizontal plane  and global irradiance on the vertical plane 
during a typical sunny winter day  (19.12.2012). 
 
Fig. 3 presents temperatures and mass flows for 19.12.2012. It took about two and a half hours after sunrise for 
the collector to heat up. A temperature difference between the inlet and outlet temperatures is first observed at 11:10 
a.m.. This difference, as well as the gain, persists 2.5 hours. From 11:10 a.m. on, the fluid heats the top of the tank 
until 12:50 p.m.. Then the fluid heats the bottom part of the tank until 3 p.m., but between 2:45 p.m. and 3 p.m. the 
temperature of the tank is actually slightly higher than the temperature of the fluid, so during 15 minutes we observe 
a loss from the fluid in the secondary circuit.  
The pump does not run at night, but a temperature difference occurs after 4 p.m.. The last radiation of the day 
increases the temperature at the fluid outlet a little until 6:40 p.m., then the outlet temperature decreases because of 
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the thermal losses. Due to the piping, the fluid inlet temperature is not so strongly coupled to the absorber 
temperature and decreases mainly due to thermal losses through the piping insulation. Since the sensors of the fluid 
temperature are in insulated pipes inside the building above the level of the collector, the temperature in the primary 
circuit remains constant during the night at a temperature around 20 °C and drops close to the ambient temperature 
in the morning when the pump starts to operate. 
 
 
Fig. 3. Primary mass flow, secondary mass flow, ambient temperature, temperature between the top and the middle of the tank, temperature at the 
bottom of the tank, average temperature of the absorber layer of the collector and temperatures of the fluid in the primary and secondary circuits 
during a typical sunny winter day  (19.12.2012). 
2.2. Typical sunny summer day  (22.07.2013) 
As a typical sunny summer day, 22.07.2013 was chosen. Fig. 4 presents different irradiance profiles as well as 
the collector gain for this day. The useful gain of the collector remains below 156 Wh/m², which is far from the gain 
produced during a sunny winter day. 
We can also see that the global irradiance incident on the collector remains below 600 W/m², due to the position 
of the sun. Although there is a longer period of exposure than during a winter day, the overall energy received by the 
collector this day (3998 Wh/m²) is not very different to that of the typical sunny winter day (3221 Wh/m²). This 
means that the collector does not receive much more energy during the summer than during the winter. As this 
energy is distributed over more hours per day, the thermal loss in summer is higher.  
The energy transferred by the collector to the tank during such a day is 99 Wh/m², which is 2.5 % of the radiation 
energy received by the collector. 
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Fig. 4.  Useful collector gain per square meter, global and diffuse irradiance on the horizontal plane  and global irradiance on the vertical plane 
during a typical sunny summer day (22.07.2013). 
 
Fig. 5 presents the temperatures and mass flows for 22.07.2013. The absorber heats up during 3.5 hours before 
the pump of the primary circuit starts working at 9 a.m.. At that moment the temperature of the absorber drops, but 
the fluid temperature rises.  
The temperature of the absorber reaches up to 67 °C, which is the same maximum as during the sunny winter 
day.  
We can see that there are only 70 minutes around 12 p.m. in which the secondary circuit provides heat to the 
storage tank despite the rather high temperature of the fluid compared to winter. The other collector fields seem to 
increase the storage temperature so much that the transparent collectors can only rarely provide a temperature higher 
than the storage temperature, and when it does, it is only at the bottom of the tank. If there were no other collector 
fields connected to the storage, the transparent collectors could probably provide much more heat to the storage 
tank. 
2.3. Total collector gain per month 
The total collector gain for each month is calculated here by integration over the month of the heat that the fluid of 
the primary circuit transferred when the primary and secondary mass flow occurred. The heat is transferred from the 
primary circuit via a heat exchanger to the secondary circuit, which is coupled to the storage tank. This means that 
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only the heat gains of the collector field are presented, without the losses which occur between the collector field 
and the storage tank. 
 
 
Fig. 5.  Primary mass flow, secondary mass flow, ambient temperature, temperature between the top and the middle of the tank, temperature at 
the bottom of the tank, average temperature of the absorber layer of the collector and temperatures of the fluid in the primary and secondary 
circuits during a typical sunny summer day  (22.07.2013). 
 
 
We can see in Fig. 6 that the collector had the highest gain in December (2.81 kWh/m²), although it is also the 
month when the collector received the least global radiation (30 kWh/m²). 
July had a gain close to December, although the global irradiance on the collector was never as high during the 
sunny days in July as in December, but sunny days occurred much more often in July, so a smaller gain was 
produced more often. 
The gain in May was very low compared to the other months (116 Wh/m²), as the collector operated only on two 
days due to a leak.  
Apart from May, February has the lowest gain because it is the month with the lowest direct radiation (88% of 
diffuse radiation).  
June was the first month of the cooling period when the collector started to operate again (after the 5th of June), 
and the collector field received less global radiation than in July, which prevented the temperature of the absorber 
layer from rising as high as in July. 
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Fig. 6 Total energy gain for every month. 
 
2.4. Temperature of the interior glass pane 
Fig. 7 presents the 10 consecutive days when the collector experienced its highest temperatures. The absorber 
temperature reaches 70°C. 
The maximum temperature difference between the ambient temperature and the average temperature of the 
collector surface facing the interior (i.e. the back pane) is about 10°C. If the stairways were not open to the ambient 
air, but were part of an air-conditioned building, a temperature of the interior of 25 °C and a temperature of the 
collector interior surface of 35°C would be realistic. The temperature of the internal surface, as well as the heat flux 
to the interior, is therefore comparable to conventional solar-control façades. 
3. Conclusions and outlook 
The experimental results show that the system works all year long. Due to different usage and meteorological 
conditions during the different seasons, the gain of the collector field does not vary significantly depending on the 
season. 
It appears that the gain of the collector field strongly depends on the temperature of the storage tank, other heat 
sources and the demand.  
The temperature of the collector pane facing the interior is comparable with the temperatures of solar-control 
façades, which means that also the heat flux between TSTC or solar-control façades and the building interior is of 
the same order. 
In a future project, a simulation model of TSTC should be compared to the monitoring results.  
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Fig. 7 Ambient temperature and average temperatures in the different layers of the middle collector (front pane, absorber layer, central pane and 
back pane) between July 21st and 31st of 2013, which were particularly hot days. 
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